Cloud computing services are becoming more popular for various reasons which include 'having no need for capital expenditure' and 'the ability to quickly meet business demands'. However, what seems to be an attractive option may become a substantial expenditure as more projects are moved into the cloud. Cloud service companies provide different pricing options to their customers that can potentially lower the customers' spending on the cloud. Choosing the right combination of pricing options can be formulated as a linear mixed integer programing problem, which can be solved using optimization.
Introduction
Cloud computing, which enables people to store, manage and process data over the internet, has been receiving a great deal of attention. Many cloud computing services are provided in the forms of IaaS (Infrastructure as a Service), PaaS (Platform as a Service), and SaaS (Software as a Service) [1] . Additional cloud computing services such as STaaS (STorage as a Service) [2] and MLaaS (Machine Learning as a Service) [3] are also now being offered. Among these services, IaaS is actually the most basic service that provides physical or virtual computing instances and their resources such as storage, IP (Internet Protocol) addresses, and load balancers. For convenient and effective management, many companies are using the representative IaaS services such as Amazon EC2 (Elastic Compute Cloud), Windows Azure, and Google Compute Engine instead of their own infrastructure. However, as the computing resources required for a company's business or service increase, so does the cost. We developed a simulation tool for minimizing the price of IaaS services. Our approach obtains an optimized configuration of computing instances based on a variety of IaaS pricing policies. The current version of the simulation tool is built for Amazon EC2, a product of AWS (Amazon Web Services) which has been a champion in cloud computing services since 2006. However, our simulation tool can easily be extended for use with other cloud systems since most IaaS services have similar pricing policies. Our simulation tool, named Ribon (Reserved Instance simulation tool Based ON R), is open source and available on GitHub. The reminder of this paper is as follows. Some related works and our contributions are presented in Section 2. Section 3 describes the overall system structure and optimization algorithm, and Section 4 shows the various simulation results. Finally, we present the conclusions of this study in Section 5.
Related Works
Owing to the popularity of cloud services, there have been a number of studies into the various pricing policies. Several studies use reserved instance to minimize the price of cloud services [4] [5] [6] [7] . The authors in [4] assume that users are differently served according to their own class. The authors in [5] present stochastic integer programming, and the authors in [6] propose a heuristic algorithm for the high complexity of integer programming.
